Aims: To report the clinicopathologic findings of surgically excised choroidal neovascularisation (CNV) three days after verteporfin photodynamic therapy (PDT). Methods: In three patients (three eyes) with age related macular degeneration, the CNV was surgically removed three days after PDT. The CNV specimens were examined by light microscopy. Results: The patients had subfoveal classic CNV. Fluorescein angiography revealed non-perfusion of the CNV after PDT and before surgery in all eyes. The light microscopy of the CNV membranes showed swollen and damaged endothelium. Thrombus formation or vascular occlusion in the CNV vessels was not detected. Conclusion: PDT did not cause a thrombosis of the vessels within the CNV three days after PDT. Severe endothelial damage of the CNV was observed and is likely a primary effect of PDT. Non-perfusion of the CNV at this stage is possibly secondary to occlusion at a deeper level, namely the underlying feeding choroid.
I
n the Western world, age related macular degeneration (AMD) is the leading cause of legal blindness in the elderly. 1 The neovascular form of AMD leads to irreversible damage of the neurosensory retina resulting in severe loss of visual acuity. 2 Verteporfin (Visudyne, Novartis AG, Buelach, Switzerland) photodynamic therapy (PDT) leads to photothrombosis of choroidal neovascularisation (CNV) without detectable damage of overlying neurosensory retina. 3 Several clinical trials reported the beneficial effect of PDT in preventing visual loss in subfoveal neovascular AMD. 4 5 Photodynamic therapy is based on photochemical reactions, generated by light irradiation of the photosensitiser. 6 Formation of the singlet oxygen causes photo-oxidative damage to target tissue, namely CNV. Endothelial cell damage, resulting in vascular occlusion and blood flow stasis, is generally believed to be the principal mechanism of PDT.
Histopathological findings of CNV two weeks to three months after PDT in neovascular AMD have been published. [7] [8] [9] In these studies, endothelial damage of the CNV was noted. In a recent study, a CNV membrane secondary to presumed ocular histoplasmosis was extracted three days following the second PDT and showed partial occlusion of the CNV vessels. 10 Even though PDT is generally accepted as a means of treatment for neovascular AMD, limited information is available about the morphological changes of CNV shortly after such therapy. We herein report on clinicopathological findings of surgically excised CNV secondary to AMD three days following PDT.
METHODS
Three eyes of three patients presenting with neovascular AMD underwent CNV extraction three days after PDT. The patients had a complete ophthalmological examination including fundus photography and stereoscopic fluorescein angiography. Fluorescein angiography was performed before the PDT and three days later, on the day of surgery. All patients had subfoveal classic CNV. Visual acuity of the affected eyes varied between 4/200 and 10/200. Since the visual acuity in all eyes was less than 20/200, they were not eligible for the PDT, according to inclusion criteria of the TAP-Investigation. 11 The treatment options, including observation, conventional thermal laser photocoagulation, macular translocation with 360˚retinotomy and CNV extraction were advised with the patients. The patients were advised that PDT before macular surgery could reduce the bleeding of the lesion at the time of surgical extraction and the rate of recurrence. The experimental nature of the treatment procedure was discussed in detail and informed written consent was obtained. The study of the excised CNV specimens was approved by the institutional ethic committee.
Three days after PDT, the patients underwent macular surgery, consisting of a standard three port pars plana vitrectomy, retinotomy temporal to the macula, creation of a small macular detachment by injecting balanced salt solution through the retinotomy, removal of CNV using subretinal forceps, and a fluid-air exchange.
All specimens were fixed in 10% neutrally buffered formalin, dehydrated, and embedded in paraffin for light microscopy. The membranes were serially sectioned and stained in a stepped fashion with Masson trichrome, periodic acid Schiff (PAS) and phosphotungstic acid haematoxylin (PTAH). The PAS staining was primarily used to confirm the location of the diffuse drusen and to help the overall orientation of the specimens whereas the PTAH stain showed the deposition of fibrin in the specimens.
RESULTS

Case 1
A 79 year old woman reported diminished vision in her right eye for three months. Visual acuity was 4/200 in the right eye. Ophthalmoscopic examination showed subretinal fluid and a subretinal greyish lesion subfoveally. Fluorescein angiography revealed subfoveal classic CNV ( fig 1A) . Three days after PDT, early phase of the fluorescein angiography showed nonperfusion of the irradiated area, including the CNV ( fig 1B) . The late phase revealed hyperfluorescence of the large choroidal vessels suggesting choroidal ischaemia and leakage 1C) . The CNV was removed during uneventful macular surgery. On the first postoperative day, a small subretinal haemorrhage was seen under the macula, which resolved spontaneously. Six months later, the visual acuity was RE: 10/200. Ophthalmoscopic examination revealed the presence of subfoveal fibrosis.
Histology
The specimen contained retinal pigment epithelial cells and diffuse drusen which allowed the overall orientation of the specimen. It consisted of subretinal fibrovascular tissue which was relatively rich in cells but only a few capillaries and larger vascular structures were recognised. Their endothelium was swollen and/or disintegrated whereas their lumen did not appear to be occluded ( fig 1D-F) . 
The specimen consisted of subretinal fibrovascular tissue bordered by retinal pigment epithelium and diffuse drusen. There was prominent fibrin exudation in the stroma which was moderately rich in cells but fibrin was not found in the vascular lumina (fig 2C-F) . Several vascular elements, capillaries, and larger vessels with disintegrated endothelium were seen. The lumina of the CNV were not occluded and in some a marginal polymorph nuclear cell was recognised ( fig 2D and F) . 3A) . Three days after PDT, the early phase of fluorescein angiography showed hypofluorescence at the macula ( fig 3B) . The late phases revealed leakage parafoveally. He underwent 
surgical removal of the CNV. The operation and the early postoperative course were uneventful. Six months later his visual acuity was 5/200 in the left eye. Ophthalmoscopy revealed a dry macula.
The specimens consisted of mixed subretinal and intraBruch's fibrovascular tissue; both of these components were separated by a conspicuous layer of diffuse drusen and retinal pigment epithelial cells. Several parts of the relatively large membrane were poor in cells and densely collagenised, whereas others were moderately cell rich. Capillaries were suspected in the subretinal as well as intra-Bruch's component whereas larger vessels only in the intra-Bruch's component. The endothelium of the vessels was either swollen or disintegrated. The lumina did not show an occlusion (fig 3C and D) .
DISCUSSION
In this clinicopathological study, fluorescein angiography showed non-perfusion of the classic CNV and hypofluorescence of the entire irradiated area three days after PDT. Staining of some large choroidal vessels and late subfoveal leakage in the late phase of the fluorescein angiography was suggestive for some degree of choroidal ischaemia.
Histopathological examination of the excised CNV membranes revealed fibrovascular tissue with swollen and disintegrated endothelium; however neither a RBC nor a platelet/fibrin clot was observed. Fibrin deposition was seen in the stroma of the CNV on PTAH, a histochemical stain for fibrin, but fibrin was not found to be deposited in the vascular lumina.
Several histopathological studies of surgically excised CNV after PDT have been reported. Schnurrbusch et al, in an electron microscopic study of surgically extracted CNV, showed occluded vessels with thrombotic masses and ultrastructural damage of the neovascular endothelium three months after PDT. 7 Ghazi et al also reported endothelial cell degeneration with platelet aggregation and thrombus formation on removed CNV specimens four weeks after PDT. 8 They hypothesised that the clot fragmentation and re-endothelisation were responsible for repermeabilisation of the neovascular lesion. The central hyperfluorescence of the CNV could represent reperfused vessels following the initial occlusion after PDT. Grossniklaus et al studied a postmortem eye, after limited macular translocation, laser photocoagulation, and PDT. Complete occlusion of the persistent neovascularisation was shown histopathologically two weeks after the application of PDT. Platelet-fibrin thrombi were absent in the treated area. 9 Moshfeghi et al reported on the histopathology of eight (E) and (F) Fibrin deposition is found in the stroma of the CNV but not within the vessels. The vascular endothelium is severely damaged and a marginal polymorph nuclear cell can be seen. Some luminal debris is found but an occlusion is not seen ((E) PTAH; original magnification 640 and (F) detail, PTAH; original magnification 6100).
surgically removed CNV membranes at different time intervals after PDT. 10 In his series, one CNV specimen secondary to presumed ocular histoplasmosis syndrome was removed three days after the second PDT. The time interval between the first and second PDT was one month. The patient had clinically active CNV and leakage shown by fluorescein angiography. Three days after the second PDT, fluorescein angiography revealed hypofluorescence in the treated area. Histopathologically, they found an area of vascular channels filled with erythrocytes and early thrombus formation, suggestive of vascular occlusion. They conclude that partial occlusion of the CNV could lead to subsequent vascular damage.
Our light microscopic findings of endothelial damage of CNV vessels three days after PDT confirm the previous histopathological observations. However, our study includes some new observations of surgically excised CNV membranes three days after PDT, such as the absence of a thrombus and occluded CNV vessels. Some differences between the reports make a comparison difficult. Except for the work of Moshfeghi et al, other reports are based on removed CNVs at later time intervals after PDT. Another limitation is the difference with regard to the number of the PDT sessions. Furthermore, the previously reported cases were either unresponsive or complicated-for example, haemorrhage following PDT.
Several studies revealed important features of CNV and the underlying choroid after PDT. Lin et al found platelet debris within the lumen of choroidal capillaries one hour after PDT in rabbit eyes. 12 They also noted non-perfusion of the choroidal vasculature with gradual reperfusion beginning from the periphery three days following PDT. Light microscopy in this stage showed extravasated RBC in the choroid.
Schmidt-Erfurth et al have shown hypofluorescent halo surrounding the CNV shortly after PDT by using indocyanine green angiography, correlating with the applied treatment spot. 13 The group of Schmidt-Erfurth also reported uniform occlusion of the healthy choriocapillaris one week following the PDT in enucleated human eyes.
14 They concluded that the PDT at a dosage used clinically in the treatment of the AMD induced a selective destruction of vascular endothelial cells within the choriocapillary layer. In an experimental model, Flower et al showed reduced blood flow of the choriocapillaris affecting the perfusion of the CNV. 15 We therefore suggest that the occlusion of the choriocapillaris to be the more likely explanation for the non-perfusion of CNV membranes in three days following verteporfin PDT in the absence of intraluminar thrombus and occlusion of the pathological new vessels, as seen in our study.
The selectivity of the verteporfin PDT and the temporary nature of its effect are important issues influencing the outcome of this treatment in neovascular AMD. Whether PDT induced ischaemia of the choriocapillaris influences the reactivation of the CNV by increasing the expression of factors contributing to new vessel formation is not yet known. Furthermore, how chronic choroidal hypoxias through multiple PDT sessions damage the retinal pigment epithelium and neurosensory retina has yet to be elucidated. In the current study, the absence of thrombosis in the CNV by light microscopic examination in the presence of fluorescein angiographically proven non-perfusion of the entire treated area, suggests choroidal ischaemia results in the closure of the CNV vessels in the early period following PDT. The detected disintegration of the endothelium of the CNV vessels may result in thrombosis in the weeks following treatment. The histopathological studies of 
